Summary -Xiphinema hangzhouense sp. n. is described from the rhizosphere of Magnolia grandiflora in Hangzhou, China. The new species is characterised by having a monodelphic reproductive system, slim body, total stylet = 186-192 µm long and vulva located anteriorly at 27.6-31.2% of total body length. The new species has a gonad 400-450 µm long with a simple uterus and no Z-organ. The female tail is elongated conoid with a rounded terminus. The species has four juvenile stages and no male was found. The polytomous identification codes of X. hangzhouense sp. n. are A1, B4, C2, D23, E12, F2, G2, H2, I23, J2, K2, L1. The new species is morphologically similar to X. winotoi. Phylogenetic analyses of the 28S rRNA, ITS rRNA, 18S rRNA and partial COI gene sequences of X. hangzhouense sp. n. and some closely related Xiphinema species revealed that the new taxon clustered with high statistical support with X. radicicola and X. setariae.
The genus Xiphinema Cobb, 1913 is a large and morphologically diverse group comprising more than 250 nominal species (Gutiérrez-Gutiérrez et al., 2013) . For the sake of easy and effective identification, Loof & Luc (1990) established a key for species of Xiphinema with exclusion of the X. americanum-group and divided non-X. americanum species into eight morphospecies groups. Six species, X. brasiliense Lordello, 1951 , X. chambersi Thorne, 1939, X. ensiculiferum (Cobb, 1893) Thorne, 1937 , X. monohysterum Brown, 1968 , X. orthotenum Cohn & Sher, 1972, and X. radicicola Goodey, 1936 , were placed in morphospecies Group 1 (Loof & Luc, 1990) . This group was updated with the addition of X. fagesi Germani, 1990 and X. hunaniense Wang & Wu, 1992 (Loof & Luc, 1993; Loof et al., 1996) . With the descriptions Xiphinema species are considered to have economic importance due to their ability to transmit viruses and cause direct damage to a wide variety of crops (Decraemer & Robbins, 2007) . Morphological identification in this group is complex due to overlapping morphometrics and the sharing of many morphological characters. Considering their economic importance it is essential to identify species accurately, this being imperative for developing appropriate measures to control such plant pathogenic and virus vector species. Moreover, reliable diagnostic methods enable us to distinguish between species for quarantine or regulatory purposes (Gutiérrez-Gutiérrez et al., 2013) .
During a routine nematological survey of Hangzhou, Zhejiang province, eastern China, a large number of specimens of an unknown Xiphinema species were isolated from the rhizosphere of Magnolia grandiflora L. (Magnoliaceae) . This new species has a monodelphic reproductive system and an unusual elongated tail. These morphological characters led us to undertake a detailed morphological and molecular comparative study of this nematode with other described species. The objectives of the present study were: i) to provide a morphological description of this new species and compare it with similar species; ii) to molecularly characterise the new species using the D2-D3 expansion segments of 28S rRNA, ITS rRNA, 18S rRNA and partial COI gene sequences; and iii) to study the phylogenetic relationships of the new species with related taxa.
Materials and methods

NEMATODE SAMPLES AND MORPHOLOGICAL
OBSERVATIONS
Specimens of a new Xiphinema species were collected in the rhizosphere of M. grandiflora, Hangzhou botanical garden, Zhejiang Province, P.R. China. Several other species were also included in this study: X. elongatum Schuurmans Stekhoven & Teunissen, 1938 from grasses, Brisbane, Australia, X. hunaniense from Thailand, X. insigne Loos, 1949 from grasses, Fresno County, California, USA, and X. setariae Luc, 1958 from Florida, USA. Nematodes were extracted from soil samples using a modified Baermann funnel method for 24 h or centrifugal-flotation methods (Jenkins, 1964) . For morphometric studies nematodes were killed and fixed with hot formalin (4%) with 1% glycerin, and processed to glycerin (Seinhorst, 1959) . Drawings, measurements and light micrographs of nematodes were completed using a Stemi 2000-C Zeiss compound microscope.
MOLECULAR STUDY
DNA was extracted from single specimens as described by Zheng et al. (2003) . PCR and sequencing were completed in two laboratories: LPN, IB (P.R. China) and CDFA (USA). PCR conditions were as described by Ye et al. (2007) or Tanha Maafi et al. (2003) . Several sets of primers were used for PCR: the forward D2A (5 ′ -ACA AGT ACC GTG AGG GAA AGT TG-3 ′ ) and the reverse D3B (5 ′ -TCG GAA GGA ACC AGCT ACT A-3 ′ ) primers for amplifying the D2-D3 expansion segments of 28S rRNA gene (De Ley et al., 1999) , two sets of primers: the forward 18s39F (5 ′ -AAA GAT TAA GCC ATG CAT G-3 ′ ) and the reverse 18s977R (5 ′ -TTT ACG GTT AGA ACT AGG GCG G-3 ′ ), the forward 18s900F (5 ′ -AAG ACG GAC TAC AGC GAA AG-3 ′ ) and the reverse 18s1713R (5 ′ -TCA CCT ACA GCT ACC TTG TTA CG-3 ′ ) for amplifying nearly full length 18S rRNA (Olson et al., 2017) , the forward rDNA1 (5 ′ -TTG ATT ACG TCC CTG CCC TTT-3 ′ ) and the reverse rDNA2 (5 ′ -TTT CAC TCG CCG TTA CTA AGG-3 ′ ) primer for amplifying the ITS rRNA gene (Vrain et al., 1992) , and the forward Long-COIF-mod (5 ′ -GAT TYT TTG GDC ACC CNG ARG T-3 ′ ) and the reverse Long-COIRmod (5 ′ -GCH ACY ACR TAR TAR GTR TCR TG-3 ′ ) primers for amplifying the partial COI mtDNA gene (this study). PCR products were separated on 1% agarose gels and visualised by staining with ethidium bromide. PCR products of sufficiently high quality were purified for cloning and sequencing by Invitrogen, Shanghai, China, or Quintara Biosciences CA, USA. The newly obtained sequences were submitted to the GenBank database under accession numbers MF538770-MF538772, MF510425-MF510432 and MF706262.
PHYLOGENETIC ANALYSIS
The newly obtained 18S rRNA, D2-D3 of 28S rRNA, ITS of rRNA and COI gene sequences were aligned with corresponding published gene sequences (He et al., 2005; Gutiérrez-Gutiérrez et al., 2013; Handoo et al., 2016; Palomares-Rius et al., 2017; Peraza-Padilla et al., 2017 and others) using ClustalX 1.83 (Thompson et al., 1997) with default parameters. The alignments were analysed with Bayesian inference (BI) using MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) under the GTR + I + G model. BI analysis for each gene was initiated with a random starting tree and was run with four chains for 1.0 × 10 6 generations. Two runs were performed for each analysis. The Markov chains were sampled at intervals of 100 generations. After discarding burn-in samples, other trees were used to generate a 50% majority rule consensus tree. 
Results
Xiphinema hangzhouense
DESCRIPTION
Female
Body cylindrical, narrowing very gradually towards anterior and tail region, assuming an open C-shape upon fixation. Cuticle smooth, fine transverse striations visible in tail region. Lip region rounded-hemispherical, separated from rest of body by a shallow depression. Amphids stirrup-shaped, fovea with wide slit-like aperture, slightly narrower than lip diam. Five or six body pores present between anterior end and guiding ring on dorsal and ventral side, respectively. Odontostyle robust, 10-12 lip region diam. long. Odontophore with well-developed basal flanges (13.2-14 µm wide). Guiding ring double, guiding sheath 13-18.5 µm long depending on degree of protraction/retraction of stylet. Pharynx, extending to a terminal pharyngeal bulb with three nuclei, with one dorsal gland nucleus located at beginning of bulb, i.e., 12-* Specific epithet derived from the city of isolation.
19% of pharyngeal bulb length, while other two subventrolateral nuclei located around middle of bulb (SV1 = 51.3-53%; SV2 = 51.5-54.7%). Pharyngeal basal bulb 91.4-112 µm long and 22-27 µm diam. Pharyngeal intestinal valve conoid-oblong 7.6-8.8 µm long. Intestine simple, rectum 35.5-44.9 µm long. Female reproductive system monodelphic, completely devoid of anterior genital branch. Gonad 400-450 µm long, reflexed, vulva a transverse slit, vagina thick walled, 15.5-16.7 µm long, slightly directed posteriorly, ovejector well developed, 31.9-41.6 µm wide, extending inwards less than half of corresponding body diam., uterus short and undifferentiated, Z-organ absent. Tail elongated, not filiform, showing slight curvature on dorsal side, tapering gradually to distal end, forming a rounded to clavate terminus bearing a total of four or five body pores.
Male
Not found.
Juveniles
Four juvenile stages (J1, J2, J3 and J4) were found. Basically similar to adults, except for their smaller size, shorter tails, and sexual characteristics. Tail becoming progressively longer after each moult, stages being distinguishable by relative lengths of body, and functional and replacement odontostyle.
TYPE HOST AND LOCALITY
The type specimens were extracted from the rhizosphere of Magnolia grandiflora (Magnoliaceae), Hangzhou botanical garden, Zhejiang Province, P.R. China, on 26 May 2017. The geographical position of the sampling site is 30°15
′ 09 ′′ N, 120°07 ′ 01 ′′ E. 
DIAGNOSIS AND RELATIONSHIPS
Xiphinema hangzhouense sp. n. is a monodelphic species characterised by a slim body with a = 41. 2 (35.4-46.5), stylet 190 (186-192 ) µm long and composed of an odontostyle 122 (117-128) µm and odontophore 74 (70-76) µm long, and vulva located anteriorly at 29.4 (27.6-31.2)% of the total body length. Female tail elongated conoid with rounded terminus. The species has four juvenile stages, there was no sperm in the female genital tract and no male was found. Based on the polytomous key of Xiphinema species presented by Loof & Luc (1990) and Loof et al. (1996) , the new species belongs to morphospecies Group 1 and has the following specific diagnostic alphanumeric codes: A1, B4, C2, D23, E12, F2, G2, H2, I23, J2, K2, L1.
In the phylogenetic trees the new species also clustered with didelphic species in morphospecies Group 7 (X. setariae, X. elongatum, X. insigne), although as the new species is monodelphic, it is only compared hereunder with species from morphospecies Group 1. Cohn & Sher (1972) mentioned that the monodelphic Xiphinema species are short and have an anteriorly located vulva, and simple or undifferentiated posterior uterus lacking a Z-organ. Thus, the important characters for such species are the shape and size of the tail region. Based on tail morphology, X. hangzhouense sp. n. is morphologically similar to X. chambersi, X. manasiae, X. naturale, X. orthotenum and X. winotoi.
It can be differentiated from X. chambersi by V = 29.4 (27.6-31. 
MOLECULAR CHARACTERISATION AND PHYLOGENY
The 18S rRNA gene sequence alignment included 11 sequences and was 1742 bp in length. One new sequence of the 18S rRNA gene of X. hangzhouense sp. n. was obtained in this study and it differs from those of X. chambersi by 1.0-1.4% (17-24 bp) and from X. elongatum by 1.5% (26-27 bp). Phylogenetic relationships between X. hangzhouense sp. n. and several related species are given in Figure 5 .
The D2-D3 of 28S rRNA gene sequence alignment included 36 sequences and was 849 bp in length. In addition to the X. hangzhouense sp. n., sequence five new sequences of this gene from four different species were also obtained in this study. The sequence of X. hangzhouense sp. n. differs from that of X. radicicola by 8.8% (68 bp) and from X. setariae by 8.5-9.0% (64-69 bp). Phyloge- Fig. 5 . Phylogenetic relationships of Xiphinema hangzhouense sp. n. with related Xiphinema species as inferred from Bayesian analysis using the 18S rRNA gene sequence dataset under the GTR + I + G model. Posterior probability more than 70% is given for appropriate clades. Newly obtained sequences are indicated in bold. Fig. 6 . Phylogenetic relationships of Xiphinema hangzhouense sp. n. with related Xiphinema species as inferred from Bayesian analysis using the D2-D3 of 28S rRNA gene sequence dataset under the GTR + I + G model. Posterior probability more than 70% is given for appropriate clades. Newly obtained sequences are indicated in bold. * Identified as X. vulgare by Gozel et al. (2006) . Fig. 7 . Phylogenetic relationships of Xiphinema hangzhouense sp. n. with related Xiphinema species as inferred from Bayesian analysis using the ITS rRNA gene sequence dataset under the GTR + I + G model. Posterior probability more than 70% is given for appropriate clades. Newly obtained sequences are indicated in bold.
netic relationships between X. hangzhouense sp. n. and several related species are given in Figure 6 . Xiphinema hangzhouense sp. n. formed a highly supported clade (PP = 100%) with X. radicicola.
The ITS rRNA gene sequence alignment included 28 sequences and was 1137 bp in length. One new sequence of the ITS rRNA gene of X. hangzhouense sp. n. was obtained in this study and differs from those of X. setariae by 22. 1-22.7% (192-194 bp) . Phylogenetic relationships between X. hangzhouense sp. n. and several related species are given in Figure 7 . Xiphinema hangzhouense sp. n. formed a highly supported clade (PP = 100%) with X. setariae.
The COI gene sequence alignment included 17 sequences and was 391 bp in length. In addition to the X. hangzhouense sp. n., sequence three new sequences of the COI gene from three different species were obtained in this study. The sequence of X. hangzhouense sp. n. differs from that of X. elongatum by 20% (72 bp) and from those of X. insigne by 21% (70-75 bp). Phylogenetic relationships between X. hangzhouense sp. n. and several related species are given in Figure 8 .
Some species of Xiphinema are distributed worldwide whereas others have a limited distribution Gutiérrez-Gutiérrez et al., 2012) . Species identification in genus Xiphinema is very difficult due to con- Fig. 8 . Phylogenetic relationships of Xiphinema hangzhouense sp. n. with related Xiphinema species as inferred from Bayesian analysis using partial COI gene sequence dataset under the GTR + I + G model. Posterior probability more than 70% is given for appropriate clades. Newly obtained sequences are indicated in bold.
served and overlapping morphological and morphometric characters. Identification procedures are further complicated due to morphological intraspecific variation and the presence of cryptic species that are morphologically indistinguishable but may be phylogenetically distant to one another (Brown & Topham, 1985; Gutiérrez-Gutiérrez et al., 2010 , 2012 . Molecular methods have provided additional tools to differentiate nematodes species and make their identification more reliable. There are 11 Xiphinema species in morphospecies Group 1, but molecular sequences are presently available for only five species. In our phylogenetic studies, morphospecies Group 1 did not form a monophyletic group. Hence, we agree with several other studies (Gutiérrez-Gutiérrez et al., 2013; RoshanBakhsh et al., 2014; Tzortzakakis et al., 2014) which stated that the morphospecies groups have been proposed for the convenience of identification and do not always reflect close phylogenetic relationships of their species.
In conclusion, this study provides both morphological and molecular characterisation of X. hangzhouense sp. n., a taxon belonging to morphospecies Group 1, and emphasises the need for using conventional taxonomic studies integrated with molecular phylogeny in order to achieve better insights into the evolution of the genus, this being important as some species have the ability to transmit viruses that may have important phytopathology implications.
